ABSTRACT: Five tall fescue [Lolium arundinaceum (Schreb.)] pastures [wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloid-producing endophyte Neotyphodium coenophialum (KY31 E+), 'Jesup' AR542 endophyte-infected contaminated with 30.3% tall fescue containing ergot alkaloid producingendophyte (Jesup AR542 E+); 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 140); 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 144); and 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 150)] were compared for steer growth performance, toxicity, feedlot performance, and carcass traits. Steers (mean initial BW = 322 kg) grazed pastures for 84 d in spring and 56 d in autumn for 2 yr. Steers were shipped after grazing in Prairie, MS, to Macedonia, IA, for fi nishing. Mean herbage mass was not different (P = 0.15) among pastures. Posttreatment (d 28+) serum prolactin concentrations were depressed (P = 0.013) on KY31 E+. Steers grazing KY31 E+ had greater (P < 0.01) posttreatment rectal temperatures during spring. Spring hair coat scores were greatest (P < 0.01) on KY31 E+ at d 56 and 84. Steer ADG was least (P < 0.01) on KY31 E+ in spring and depressed (P = 0.014) on KY31 E+ and Jesup AR542 E+ in autumn. Spring grazing ADG was greater (P = 0.049) on AGRFA 150 than Jesup AR542 E+ and AGRFA 140. No BW differences (P = 0.09) among pastures were seen at reimplant during feedlot fi nishing. Pasture had no effect on ADG after reimplant (P = 0.68), days on feed (P = 0.56), or fi nal BW (P = 0.55). Exposure to fescue toxicosis did not affect (P ≥ 0.19) carcass traits. Hair coat price discounts applied for spring-grazed steers on KY-31 E+ affected (P < 0.01) initial steer monetary values. There were no pasture differences for fi nishing costs (P ≥ 0.61) or fi nal carcass value (P = 0.59). Elite tall fescue cultivar and novel endophyte combinations improve growth performance of grazing calves over KY31 E+. Producers whose calves graze KY-31 E+ tall fescue should consider retaining ownership of these cattle through feedlot fi nishing to avoid market discounts and capture value from compensatory BW gains during fi nishing.
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INTRODUCTION
Tall fescue [Lolium arundinaceum (Schreb.) S. J. Darbyshire] is a cool-season grass widely used for grazing weaned calves in the southeastern United States (Hoveland, 1992 (Hoveland, , 2000 . Endophytes (Neotyphodium coenophialum) reside within tall fescue and impart positive agronomic qualities to the plants. Animal toxicity problems result from grazing wild-type toxic endophyte-infected tall fescue (Stuedemann and Hoveland, 1988) . Incorporation of nonergot alkaloidproducing endophytes into tall fescue provides both agronomic and grazing animal performance advantages (Parish et al., 2003; Hopkins and Alison, 2006; Drewnoski et al., 2009) .
Elite combinations of tall fescue cultivars with nonergot alkaloid-producing endophytes were selected for comparison based on promising results in small plot agronomic research under grazing pressure. Nil ergot alkaloid-producing endophytes (AR542 and AR584) were incorporated into 'Jesup' (AR542), 'GA-186' (AR584), 'Texoma' (AR584), and 'KYFA 9301' (AR584) tall fescue. 'Kentucky-31' is the predominant tall fescue cultivar in the southeastern United States (Paterson et al., 1995) . 'Jesup' was developed for use in the main tall fescue growing regions (Bouton et al., 1997) . The 'GA-186' experimental cultivar was developed by the University of Georgia. 'Texoma' MaxQ II tall fescue, also known as AGRFA 144 or 'PDF' AR584, was developed for broad adaptation to the south-central United States, improved persistence, and forage yield (Hopkins et al., 2011) . The 'KYFA 9301' experimental cultivar was developed by the Kentucky Agricultural Experiment Station for the upper tall fescue transition zone (Johnson et al., 2009) . It was hypothesized that toxicosis would increase and performance would decrease in cattle as the percentage of ergot alkaloid-producing endophyteinfected tall fescue consumed increased. The objectives were to evaluate growth, toxicosis, feedlot performance, and carcass traits of cattle grazed on pastures containing various tall fescue-endophyte combinations.
MATERIALS AND METHODS
The cattle in this study were managed under protocol 09-009 approved by the Mississippi State University Institutional Animal Care and Use Committee.
Pasture Establishment and Management
Five tall fescue pastures [wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloid-producing endophyte Neotyphodium coenophialum (KY31 E+), 'Jesup' AR542 endophyte-infected contaminated with 30.3% tall fescue containing ergot alkaloid producing-endophyte (Jesup AR542 E+); 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 140); 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 144); and 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte (AGRFA 150)] were compared for toxicity and steer growth performance for 2 yr at the Mississippi Agricultural and Forestry Experiment Station Prairie Research Unit at Prairie, MS (33.7854° N, 88.6601° W, and elevation 97.5 m) . This grazing trial had a completely randomized design with 3 replications of each pasture, except for Jesup AR542 E+, which had only 2 replications due to a stand failure in a third replication. The 3.02-ha paddocks were tall fescue monocultures established in October 2007. The pastures were prepared by spraying 2 applications (4 wk apart) of glyphosate (1.5 L/ha of 41% vol/vol) in the spring of 2007. In October 2007, after volunteer grass seedlings emerged and before planting, a third application of glyphosate (1.5 L/ha of 41% vol/vol) was applied. Seed supplied by AgResearch USA (Asheville, NC) was precision drilled into well-prepared seedbeds at a seeding rate of 22 kg/ ha. Soil was Houston clay. Ammonium nitrate (45 kg N/ ha) was applied uniformly at establishment. The pastures received 2 applications of NH 4 NO 3 (67 kg N/ha) in late February and early September each year. Pastures were fertilized uniformly with P and K according to soil tests at establishment and in late February and early September of each year. Broadleaf weeds were controlled with 2,4-D herbicide (2,4-dichlorophenoxyacetic acid) on an asneeded basis.
Animal and Grazing Management
British-Continental crossbred steers (n = 300; mean BW = 322 kg) were randomly assigned to the pastures. Five tester steers per paddock were used each grazing season. In each paddock, cattle were supplied at all times with fresh water and free-choice loose mineral supplement (Grazer Hi/Se Hi/Cu CTC 2800; Multi-Kare, Inc., Tifton, GA) containing 3,086 mg/kg of chlorotetracycline, 12.0% Ca, 7.0% P, 15.0% salt, 0.07% F, 8.0% Mg, 1.0% K, 1.2% S, 3,000 mg/kg of Mn, 4,000 mg/kg of Zn, 1,500 mg/kg of Cu, 60 mg/kg of Co, 70 mg/kg of I, and 26.5 mg/kg of Se. The supplement was labeled to contain 485,017 IU of vitamin A/kg, 99,208 IU of vitamin D/kg, and 485 IU of vitamin E/kg. At the initiation of each grazing season, steers were vaccinated for protection against respiratory diseases with Pyramid 10 (Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO). Cattle were also treated for internal and external parasites with Cydectin pour-on (Fort Dodge Animal Health, Overland Park, KS) in 2009 and EPRINEX pour-on (Merial, Duluth, GA) in 2010.
In an attempt to maintain similar forage availability among paddocks, put-and-take grazing management was used. Based on herbage mass estimates, stocking rate was adjusted by removing or adding grazer animals if determined appropriate based on visual appraisal of herbage mass at 28-d intervals. Tester animals were defi ned as calves that remained on their original assigned paddocks for the duration of the grazing season. Cattle of unknown origin and estimated to be less than 1 yr of age were pur-chased from a single preconditioning operation. These cattle were grazed on Jesup MaxQ tall fescue (Pennington Seed, Madison, GA) and fed bermudagrass hay for at least 14 d prior to being stratifi ed by BW and estimated breed composition to experimental paddocks at the beginning of each grazing season. Paddocks were restocked with new animals at the beginning of each grazing season.
Spring grazing seasons were 84 d whereas autumn grazing seasons were 56 d each. Grazing was initiated when there was adequate herbage mass, approximately 3,500 kg DM/ha at the start of each grazing season. Grazing periods were as follows: March 10 to June 2, 2009, October 6 to December 1, 2009 , March 11 to June 3, 2010 , and October 4 to November 29, 2010 . Between grazing periods during July each year, pastures were mechanically clipped.
Pasture Data Collection
Pastures were measured every 7 d beginning at d 0 through the end of each grazing season to monitor herbage mass using a double sampling technique (Burns et al., 1989) . The sward height was measured using a falling plate disk meter with 50 contacts per paddock. In each paddock, the fi rst disk meter contact site was selected by walking a randomly selected number of steps into the pasture from the gate. Thereafter, a fi xed number of steps, estimated to cover 5 diagonal transects in a zigzag pattern in each paddock, were used to determine the rest of the contact sites so as to spatially cover the entire paddock. After taking disk measurements in each paddock, herbage from three 0.25-m 2 quadrats were harvested at 2.5 cm above the soil surface at sites selected to approximate the shortest, mean, and tallest disk meter readings recorded in the paddock in order to calibrate the indirect estimates (disk meter readings) with direct estimates (harvested herbage samples). The harvested herbage was dried in a forced-air oven at 60°C for 72 h in order to determine DM concentration. A regression equation was developed for each sampling date with direct measurements (DM weight of clipped samples) as the dependent variable and indirect estimates (disk readings) as the independent variable. Herbage mass was then estimated with the resulting regression equation using the mean of the 50 disk readings per paddock. Season average herbage mass was calculated as the average of all herbage mass estimates taken within each season.
Commercial immunoblot and ELISA test kits (Agrinostics, Watkinsville, GA) were used on identical tillers to detect endophyte presence and distinguish ergot alkaloid producers from nonproducers, respectively. One hundred tillers per paddock were collected on May 6, 2009. Forty-six to 48 tillers per paddock were collected on May 4 and June 14, 2010. Two hundred tillers from all 3 replications of Jesup AR542 paddocks and 100 tillers from all other experimental paddocks were collected on April 16, 2011. Endophyte presence and identifi cation were also performed by PCR with total DNA isolated from the base of individual tillers using primers specifi c to endophyte sequences. The total DNA was isolated from 24 tillers/paddock using the Magattract 96 DNA plant core kit (Qiagen, Valencia, CA), and PCR was performed according to Saha et al. (2009) .
On sampling dates corresponding to animal BW collection dates, herbage was clipped from 20 quadrats within each paddock as previously described. Herbage samples were frozen at -20°C, lyophilized, and ground through a 1-mm screen in a Wiley mill (Arthur A. Thomas, Philadelphia, PA). Samples were scanned for nutrient composition including minerals using the FOSS 6500 near-infrared refl ectance spectrophotomer (NIRS; FOSS NIRSystems, Laurel, MD) and analyzed with the FOSS ISIScan software and prediction equations developed by the NIRS Forage and Feed Testing Consortium (Hillsboro, WI). The ergot alkaloid ergovaline was analyzed from 1 pooled sample per paddock for each sampling date. For each pooled sample, 10 ± 0.10 mg was weighed out into a 12 by 32 mm vial (Waters Corporation, Milford, MA) and then resuspended in 200 μL of methanol containing 0.005 mg of dihydroergotamine tartrate salt (Sigma-Aldrich Co., St. Louis, MO). The samples were vortexed for 15 to 30 s and then gently shaken for 2.5 to 3 h at room temperature. The vials were centrifuged at 1,800 × g for 5 min, and then 100 μL of the supernatant was withdrawn from each vial and dispensed into a 250 μL vial insert (National Scientifi c Company, Rockwood, TN) in a 2 mL screw cap vial (Agilent Technologies, Inc., Santa Clara, CA) for ultra performance liquid chromatography (UPLC). The samples were run within 24 h of extraction. Ergovaline analysis was performed on an Acquity UPLC system fi tted with a fl uorescence detector (Waters Corporation). Separations were achieved using an Acquity UPLC 2.1 by 150 mm second-generation hybrid particle technology (BEH) C18 column (Waters Corporation) at a fl ow rate of 0.35 mL/min at 30°C. The mobile phase consisted of 0.1 M ammonium acetate (A) and acetonitrile (B) and a linear gradient of 80:20 to 5:95 (A:B) in 6.0 min followed by re-equilibration for 1.5 min at 80:20 (A:B). Detection was achieved by fl uorescence detector with excitation at 310 nm and emission at 410 nm with a photomultiplier tube gain setting of 1.00 and data rate of 5 points/s. Injection volume was 2.5 μL. Data were processed using Empower 2 Software (Waters Corporation). As ergovaline is not commercially available, seed extracts in which the ergovaline content was previously quantifi ed (A. M. Craig, Endophyte Testing Laboratory, Oregon State University, Corvallis) were used as standards for quantifi cation.
Grazing Animal Data Collection
Animal BW, hair coat ratings, rectal temperatures, and blood samples were collected at the onset of each grazing season and then at 28-d intervals thereafter. Initial and fi nal unshrunk steer BW were collected on 2 consecutive days and averaged. Hair coats were rated separately by 2 trained evaluators on a 1 to 5 scale in which 1 = slick, shiny hair with no evidence of retention of old hair; 2 = <25% of the body covered with old, unshed hair; 3 = 25 to 50% of the body covered with old, unshed hair; 4 = 50 to 75% of the body covered with old, unshed hair; and 5 = muddy, dirty hair coat, evidence of having deliberately lain in mud, and >50% of the body covered with old, unshed hair (Saker et al., 2001 ). Approximately 7 mL of blood was collected from a jugular vein at the neck into Vacutainer glass blood tubes without additive (Becton Dickinson, Franklin Lakes, NJ). Blood samples were stored on ice for no more than 6 h before transport to the laboratory and centrifuged at 1,800 × g for 20 min at room temperature to separate and harvest serum that was then frozen (-80°C) until assayed. Analysis was then performed to determine serum prolactin (PRL) concentrations according to the RIA procedure of Spoon and Hallford (1989) . The intra-and interassay CV of samples collected in 2009 were 6.91 and 4.05%, respectively, and for samples collected in 2010 they were 8.0 and 1.0%, respectively. Rectal temperature and PRL concentration data were designated based on collection date as initial (d 0) or posttreatment (d 28, 56, and 84) .
Animal days for each paddock were calculated as the sum of the days each animal, tester or grazer, spent grazing the paddock during a given grazing season. Animal ADG was computed by dividing mean tester animal BW gain in a particular paddock by the number of days in the grazing season. Body weight gain per hectare was calculated as the number of animal days multiplied by tester animal ADG. Mean stocking rate was computed by dividing animal days by the duration of the grazing season in days.
Feedlot Management
Within 3 Cattle were observed daily for morbidity by feedlot personnel. Steers were removed from home pens when showing clinical signs of respiratory disease, including lethargy, ocular or nasal discharge, or emaciation. Of the steers removed for clinical signs, those exhibiting rectal temperatures ≥39.7°C received medical treatment consisting of antimicrobial therapy. Data from one mortality, resulting from a lightning strike, were excluded from all statistical analyses. Morbidity was defi ned as whether or not steers received medical treatment during the fi nishing period, and morbidity rates were calculated accordingly.
Steer Harvest
Steers were visually evaluated for degree of fi nish by Tri-County Steer Carcass Futurity personnel 60 to 80 d after administration of the terminal implant. Animals determined to be adequately fi nished were shipped to a commercial abattoir (Tyson Fresh Meats, Denison, IA). Steers not shipped with the fi rst marketing group were shipped to the abattoir 28 to 42 d later. Final BW was adjusted using overall ADG values to the date of harvest.
Upon harvest, detailed carcass data were collected by Tri-County Steer Carcass Futurity personnel and USDA graders. Trained Tri-County Steer Carcass Futurity personnel measured HCW, backfat thickness in centimeters, and LM area in square centimeters and estimated KPH as a percentage in the harvest plant on each steer carcass ahead of the grading station. Yield grade was calculated from these carcass measurements. In addition, a USDA grader determined the marbling score and quality grade based on visual appraisal.
Financial Data
The beginning steer dollar value at feedlot entry was based on steer BW and the Mississippi USDA weekly feeder cattle summary for the week of shipment to the feedlot. In addition, for the KY31 E+ steers shipped to the feedlot in June, a price discount of US$10.26/45.45 kg was applied to this feedlot entry value to account for the appearance of dead hair. This discount was based on hair coat scores for these steers at the conclusion of grazing and 2010 feeder calf price discounts for evidence of dead hair in the Southeast United States (Troxel et al., 2011) . Total cost per animal for fi nishing was the sum of feeder animal cost (beginning dollar value at feedlot entry), feed cost, yardage charge, identifi cation tags, animal medical treatments, vaccines, parasite control, implants, trucking to the feedlot, trucking to the abattoir, data collection fee, insurance, and interest on the feeder and half the feed cost of each steer. Feed cost was based on feed prices, total BW gain, and G:F. Gain to feed ratio was calculated for each steer using pen level feed disappearance and individual animal BW gain from the beginning to end of the feeding period and carcass yield grade. The yield grade measurement was used to quantify the percent bone, lean, and fat in the carcass. Using this information, the Cornell Net Carbohydrate and Protein System was used to prorate total pen feed consumption across the individual animals based on the amount and composition of BW gain, lean vs. fat (Perry and Fox, 1997) . Cattle were marketed on grids paying premiums and discounts based on quality grade and yield grade and paying discounts on outside of BW range carcasses. Total revenue consisted of sale of each carcass on the value-based grids being used by the abattoir at the time of harvest. Net return per animal was the difference between total revenue and total costs.
Statistical Analysis
PROC MIXED and PROC GLIMMIX (SAS Inst. Inc., Cary, NC) were used to analyze the continuous and percentage dependent data, respectively, from the trial. With the GLIMMIX procedure a default logit link function with a binomial distribution was assumed. A completely randomized experimental design was used with paddock as the experimental unit. Main effects were pasture (tall fescue cultivar and endophyte combination) and season. Grazing year was included as a random effect, and each grazing year included a spring period and the subsequent autumn period. The model included main effects and their interaction. Pasture effects were tested using paddock within pasture as the error term. Period effects and period × pasture were tested using period × paddock within pasture as the error term. Hair coat data were analyzed by date based upon monthly hair coat shedding fi ndings in the same environment (Gray et al., 2011) . Ergot alkaloid concentration and serum PRL means showed heterogeneity among their variances due to some pastures having near-zero values and others with values in the hundreds. Therefore, these data were subjected to square root transformations to address data nonnormality prior to statistical analysis, and nontransformed least squares means are reported. Ergot alkaloid and serum PRL data were not normally distributed, so confi dence limits were used instead of SEM values. Initial BW (BW at feedlot entry) was included as a covariate in the analysis for all cattle fi nishing and carcass variables, except when analyzing for the effects of initial BW. Final BW, HCW, marbling score, and USDA quality grade were corrected for fatness by including calculated yield grade as a covariate in the model because marketing endpoint for all cattle was determined subjectively via visual appraisal of individual steers for degree of fatness. Means separation was accomplished by the PDIFF option of SAS with the Tukey-Kramer adjustment. Signifi cant differences were defi ned as P ≤ 0.05.
RESULTS AND DISCUSSION

Endophyte Infection and Ergot Alkaloid Production
The rate of endophyte infection exceeded 75% in paddocks throughout the duration of the study (Table 1) . Endophyte infection rate was less (P < 0.01) in KY31 E+ tall fescue pastures than in the 4 pastures containing novel endophytes. Contamination of an ergot alkaloid-producing endophyte was found in the pastures Jesup AR542 E+, AGRFA 140, AGRFA 144, and AGRFA 150 likely due to buried residual seed in the paddocks. As expected, the KY31 E+ paddocks contained the greatest percentage (P < 0.01) of ergot alkaloid-producing endophyte presence, and the least percentages (P < 0.01) were found in AGRFA 140, AGRFA 144, and AGRFA 150 pastures. However, Jesup AR542 E+ pasture was contaminated with 30% tall fescue containing ergot alkaloid producing endophyte, which was greater (P = 0.012) than the percentages in the AGRFA 140, AGRFA 144, and AGRFA 150 pastures. The most likely route of notable ergot alkaloid-producing endophyte contamination in novel endophyte-infected pastures was from seed contained within the soil at the time of pasture establishment.
The ergovaline concentrations by collection date are presented in Fig. 1 . The ergovaline concentrations for KY31 E+ pasture averaged 0.2415 and 0.5418 mg/kg in spring and autumn, respectively, and were greater (P < 0.01) than those for each of the other pastures. Ergovaline concentrations were consistent with the levels of contaminating ergot alkaloid-producing endophyte. During spring ergovaline concentration was greater (P = 0.010) in Jesup AR542 E+ pasture than in AGRFA 150 pasture. Likewise, during autumn the ergovaline concentration was greater (P < 0.01) in Jesup AR542 E+ pasture than in AGRFA 144 pasture. The ergovaline content of AGRFA 140, AGRFA 144, and AGRFA 150 pastures remained consistently low throughout both seasons, averaging 0.0425, 0.0349, and 0.0569 mg/kg, respectively. Tracy and Renne (2005) suggested that if KY31 E+ percentage in pasture was <10%, then it would be unlikely that KY31 E+ would infest the pasture over time to an extent that would cause fescue toxicosis in cattle. Therefore, the infestation rates of tall fescue containing ergot alkaloid-producing endophyte in AGRFA 140, AGRFA 144, and AGRFA 150 pastures reported in the present study could remain stable and not lead to fescue toxicosis.
Herbage Mass and Nutrient Composition
Mean herbage mass was not different (P = 0.15) across pastures (Table 2) . Autumn mean herbage mass (3,103 ± 40.0 kg DM/ha) was greater (P < 0.001) than spring mean herbage mass (2,782 ± 31.7 kg DM/ ha). In addition, mean herbage mass was greater (P < 0.01) in 2009 (3,368 ± 35.7 kg DM/ha) than in 2010 (2,517 ± 36.5 kg DM/ha) likely resulting from annual precipitation differences (Table 1) .
Forage nutritive values appear in Table 2 . There were pasture × season effects for all nutritive values (P ≤ 0.02) except CP (P = 0.79). There were both pasture and season effects (P < 0.001) for CP. Spring and autumn CP concentrations across all pastures were 13.07 ± 0.32% and 11.70 ± 0.32%, respectively. Thus, CP concentrations were greater (P < 0.001) in spring than autumn.
During spring, AGRFA 140 had the least (P < 0.01) TDN and CP concentrations and the greatest (P < 0.01) NDF and ADF concentrations of all the pastures. Pastures KY31 E+, Jesup AR542 E+, and AGRFA 150 had the greatest (P < 0.01) TDN and IVDMD concentrations and the least (P < 0.01) ADF concentration. Pasture AGRFA 150 also had the least (P < 0.01) NDF concentration. Pasture Jesup AR542 E+ and AGRFA 150 had the greatest (P = 0.047) CP concentration.
Autumn nutritive values show that KY31 E+ and AGRFA 144 had the greatest (P < 0.01) TDN and IVDMD concentrations and the least (P = 0.044) ADF concentrations. The NDF concentration was also least (P = 0.028) for AGRFA 144. Crude protein concentration was greatest (P = 0.032) for Jesup AR542 E+ and least (P < 0.01) for AGRFA 140. Pasture Jesup AR542 E+ had the greatest (P < 0.01) Ca concentration of all the pastures in both spring and autumn. Although statistical differences for forage nutritive values were found, there did not appear to be any differences of biological signifi cance to affect animal growth performance.
Serum Prolactin
Depressed serum PRL concentrations are a welldocumented sign of fescue toxicosis (Hoveland et al., 1983; Fribourg et al., 1991; Rice et al., 1997) . Initial steer serum PRL concentrations (d 0) were similar (P = 0.85) among all pastures (Fig. 2 ) and greater (P < 0.01) during spring than autumn. Photoperiod-based seasonal Figure 1 . Ergovaline concentrations by date as affected by tall fescue cultivar and endophyte combination. Tall fescue pastures: KY31 E+ = wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloidproducing endophyte Neotyphodium coenophialum; Jesup AR542 E+ = 'Jesup' contaminated with 30.3% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 140 = 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producingendophyte; AGRFA 144 = 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte; and AGRFA 150 = 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte. The ergovaline concentrations for KY31 E+ pasture were greater (P < 0.01) than those for each of the other pastures. During spring (March, April, May, and June) ergovaline concentration was greater (P = 0.010) in Jesup AR542 E+ pasture than in AGRFA 150 pasture. During autumn (October, November, and December) the ergovaline concentration was greater (P < 0.01) in Jesup AR542 E+ pasture than in AGRFA 144 pasture. Error bars represent SEM values. variations in cattle PRL concentrations could explain this fi nding (Stanisiewski et al., 1988; Petitclerc et al., 1989; Cho et al., 1998) . A pasture × season interaction (P < 0.01) existed for posttreatment (d 28+) PRL concentrations. Mean PRL concentrations from d 28 through the end of the grazing period were depressed (P = 0.013) on KY31 E+ as compared to others in both spring and autumn. Additionally, posttreatment PRL concentrations were greater (P < 0.01) on AGRFA 140 than Jesup AR542 in spring. By considering the degree of depression of serum PRL concentrations as an indicator of the severity of fescue toxicosis among the pastures, the steers grazing KY31 E+ pastures were most affected by this condition. These results agree with previous fi ndings of other researchers assessing novel endophyteinfected tall fescue versus KY31 E+ tall fescue (Parish et al., 2003; Nihsen et al., 2004; Drewnoski et al., 2009 ).
Rectal Temperature
Initial (d 0) steer rectal temperatures were similar (P = 0.21) among pastures and greater (P < 0.01) during spring than autumn (Table 3) , as would be expected with the elevated ambient temperatures (Table 1) recorded in spring compared with autumn. A season × pasture interaction (P < 0.01) was seen for posttreatment (d 28+) steer rectal temperatures (Table 3) . Steers grazing KY31 E+ had greater (P < 0.01) posttreatment rectal temperatures during spring than animals grazing AGRFA 140, AGRFA 144, and AGRFA 150 tall fescue in both seasons. During spring, posttreatment steer rectal temperatures were greater (P < 0.01) on Jesup AR542 E+ pastures than AGRFA 150 pastures. Posttreatment steer rectal temperatures were also lesser (P = 0.02) in steers grazing AGRFA 150 pastures than AGRFA 140 or AGRFA 144 pastures in spring and autumn. Additionally, during autumn, posttreatment steer rectal temperatures were greater (P = 0.049) on AGRFA 140 pastures than KY31 E+ and Jesup AR542 E+ pastures. Alkaloids produced in KY31 E+ tall fescue have been shown to have vasoconstrictive effects on bovine vasculature (Oliver et al., 1993) . Reduced blood fl ow could result in tissue death and impaired ability to dissipate heat (Rhodes et al., 1991; Al-Haidary et al., 2001 ). This may explain the thermoregulatory challenge during spring that was evident in cattle grazing pastures that produced more ergot alkaloids. In a direct comparison of AGRFA 150, Jesup AR542 (with no contamination), and KY31, Johnson et al. (2009) demonstrated similar rectal temperatures in grazing steers during late spring and early summer in Kentucky between AGRFA 150 and Jesup AR542 pastures. They also observed elevated rectal temperatures in steers grazing KY31 E+ compared to steers grazing AGRFA 150 or Jesup AR542 tall fescue. Hopkins and Alison (2006) reported that steer rectal temperatures were elevated on KY31 E+ pastures relative to novel endophyte-infected tall fescue pastures during spring, but no differences were found among these same pastures during autumn. The lack of differences in autumn posttreatment rectal temperatures 2 Pasture: KY31 E+ = wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloid-producing endophyte Neotyphodium coenophialum; Jesup AR542 E+ = 'Jesup' contaminated with 30.3% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 140 = 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 144 = 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte; and AGRFA 150 = 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte.
3 Past. = pasture treatment main effect; Seas. = season treatment main effect; P × S = pasture × season treatment interaction.
in steers grazing KY31 E+ to 3 of the 4 novel endophyteinfected tall fescue pastures in the present study is also comparable to the fi ndings of Parish et al. (2003) . It is logical that autumn did not follow the same trends as spring for posttreatment steer rectal temperatures as ambient temperatures from d 28 to 56 in autumn were much cooler than during spring from d 28 to 84.
Hair Coat Score
No pasture differences (P = 0.67) were found for d 0 hair coat scores (Table 4 ). There were season differences (P < 0.01) for d 0 and 28 hair coat scores, with steer hair coat scores being greater in spring than autumn. Numerically greater hair coat scores generally indicate longer, rougher hair coats. During spring, steer hair coat scores were similar (P = 0.07) among pastures at d 28 and greater (P < 0.01) on KY31 E+ compared with other pastures at d 84. This indicates that rate of hair coat shedding during spring was slowest in steers grazing KY31 E+. The retention of winter hair coats through the spring months has been associated with fescue toxicosis (Stuedemann and Hoveland, 1988; Nihsen et al., 2004; McClanahan et al., 2008) and was more dramatic with animals grazing forage with greater ergovaline concentrations. Despite starting the autumn grazing season with similar hair coat scores, by d 28 of the trial, steers grazing KY31 E+ had greater (P = 0.026) hair coat scores than cattle grazing Jesup AR542 E+, AGRFA 144, or AGRFA 150. Thus, the rate of development of a winter hair coat was greatest in steers grazing the KY31 E+ tall fescue compared with 3 out of the 4 novel endophyteinfected tall fescue pastures. There was a pasture × season interaction (P = 0.048) for d 56 hair coat scores. Steer hair coat scores were greater (P < 0.01) on KY31 E+ compared with other pastures at d 56 in spring; by d 56 in autumn, hair coat scores for steers on the KY31 E+ and AGRFA 140 pastures were greater (P = 0.012) than those of cattle on the AGRFA 150 pasture. Normal hair regression regulation may be affected by seasonal changes in PRL secretion (McClanahan et al., 2008) as well as reduction a−e Within a row within season, means without a common superscript letter differ (P < 0.05). in peripheral blood fl ow, both of which are associated with fescue toxicosis (Porter and Thompson, 1992) .
Stocking Rate
A pasture × season interaction (P = 0.04) existed because stocking rate was increased in spring to varying degrees on the 5 pastures and remained constant across pastures in autumn (Table 5) . During spring, mean stocking rate was greater (P < 0.01) in KY31 E+, AGRFA 140, and AGRFA 144 pastures than Jesup AR542 E+ and AGRFA 150 pastures; additionally, mean stocking rates for each pasture in spring were greater (P < 0.01) than any of the autumn mean stocking rates. Lesser forage intake on KY31 E+ tall fescue compared with novel endophyte-infected tall fescue has been reported in steers (Parish et al., 2003) and could contribute to herbage mass accumulation that warrants increased stocking rates. However, given the SEM relative to the statistical differences and the minute biological differences represented in the present study, the biological relevance of these statistical differences is questionable.
Grazing ADG
A pasture × season interaction (P < 0.01) was detected for steer ADG (Table 5) . Overall ADG during spring was least (P < 0.01) on KY31 E+ and greater (P = 0.049) on AGRFA 150 than Jesup AR542 E+ and AGRFA 140. Overall steer ADG during autumn was greater (P = 2 Pasture: KY31 E+ = wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloid-producing endophyte Neotyphodium coenophialum; Jesup AR542 E+ = 'Jesup' contaminated with 30.3% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 140 = 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 144 = 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte; and AGRFA 150 = 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte.
0.014) on AGRFA 140, AGRFA 144, and AGRFA 150 than KY31 E+ and Jesup AR542 E+ pastures. Johnson et al. (2009) achieved comparable results in a grazing trial in Kentucky where steer ADG on AGRFA 150 tall fescue was similar to that on Jesup AR542 tall fescue and surpassed that on KY31 E+ tall fescue. Although forage intake was not estimated as part of the current trial, other researchers have shown that enhanced calf ADG on novel endophyte-infected tall fescue pastures over KY31 E+ tall fescue pastures is attributable in large part to greater forage intake (Parish et al., 2003 ). Yet Beconi et al. (1995) reported that reduced steer performance on 'Kentucky-31' E+ pastures occurred despite similar DMI to tall fescue pastures with lesser rates of 'Kentucky-31' E+ infestation.
Steer BW Gain per Hectare
Steer BW gain per hectare was greater (P = 0.049) for AGRFA 150 than KY31 E+, AGRFA 140, and AGRFA 144 pastures in spring (Table 5 ). The greater stocking rate previously discussed on KY31 E+ negated the ADG advantage on Jesup AR542 E+ to make the steer BW gain per hectare similar (P = 0.062) between these 2 pastures. However, the greater spring stocking rate on KY31 E+ over AGRFA 150 was not suffi cient to overcome the ADG advantage on the AGRFA 150 pastures that contributed to a greater (P < 0.01) BW gain per hectare for AGRFA 150. During autumn, steer BW gain per hectare was greater (P = 0.014) on AGRFA 140 than KY31 E+ or Jesup AR542 E+ pastures. There was a seasonal effect for BW gain per hectare with values being greater (P < 0.001) in spring than in autumn. This fi nding is reasonable as the grazing seasons were 28 d longer and the mean herbage mass was greater in spring compared with autumn.
Feedlot Steer Growth Rate
A seasonal difference in steer BW was present at reimplant (P < 0.01) but not at harvest time (P = 0.20) . By the time of reimplant during the fi nishing phase, no pasture differences (P = 0.09) in steer BW were observed. Steer BW at harvest was also similar (P = 0.55) among pastures, indicating BW gain compensation occurred in steers subjected to fescue toxicosis (KY31 E+ and Jesup AR542 E+ pastures), which completely negated the lesser growth rates documented during grazing. Likewise, Lusby et al. (1990) reported that greater growth rates in steers previously grazed on KY31 E+ tall fescue took place during the fi rst 7 wk in the feedlot. In contrast, Hancock et al. (1988) did not see BW compensation for steers previously grazed on KY31 E+ tall fescue during the fi rst 56 d of fi nishing but did note partial BW compensation by 134 d of fi nishing (Hancock et al., 1987) . There were no differences (P = 0.56) in days on feed among pastures. However, the autumn-grazed calves required 14 d more (P < 0.01) for fi nishing vs. the spring-grazed calves.
Pastures were similar (P = 0.67) for feedlot ADG during the warm-up period at the feedlot (Table 6) . Likewise, ADG from reimplant to harvest did not differ (P = 0.68) among pastures. Steer ADG during both of these periods were greater (P < 0.01) for spring-than autumngrazed steers. There was a pasture × season interaction (P < 0.01) for ADG from the start of the on-test period (immediately following the warm-up period) to reimplant. For the spring-grazed cattle, on-test to reimplant ADG was greater (P = 0.012) for Jesup AR542 E+ steers than KY31 E+ and AGRFA 140 steers and greater (P = 0.047) for AGRFA 144 and AGRFA 150 steers than AGRFA 140 steers. However, for the autumn-grazed cattle, on-test to reimplant ADG was greater (P = 0.043) for KY31 E+ steers than AGRFA 144 and AGRFA 150 steers.
In a previous study, Duckett et al. (2001) saw no differences in overall ADG for a 112-d feedlot-fi nishing period comparing steers and heifers previously grazed on AR542-infected or KY31 E+ tall fescue. Although calves in that study from KY31 E+ pasture entered the feedlot at lighter BW than AR542 grazed calves, they did not display compensatory BW gains and thus fi nished at lighter BW for the fi xed-length fi nishing period. The time of feedlot placement in the study by Duckett et al. (2001) was comparable with that of the spring-grazed calves in the present study. However, limitations of the study by Duckett et al. (2001) were the small number of calves (n = 48) evaluated and that the data collection represented only 1 grazing season. Other researchers have noted partial BW compensation after completion of fi nishing in steers previously grazed on KY31 E+ tall fescue vs. tall fescue with low levels of KY31 E+ infestation or other cool-season forages (Lusby et al., 1990; Hancock et al., 1987) . Lomas et al. (2011) also reported partial BW compensation in KY31 E+ vs. Jesup AR542 grazed steers. The KY31 E+ steers in that study had greater feedlot ADG than the Jesup AR542 steers but still fi nished at lighter fi nal BW despite 9 more days on feed. Additionally, Cole et al. (1987) found that as pasture KY31 E+ infestation rates rose, subsequent feedlot ADG of steers climbed.
Health during Finishing
No pasture differences were found for either morbidity rate (P = 0.72) or days medically treated (P = 0.96; Table 6 ). There was a season effect for morbidity rate (P = 0.01) and days medically treated (P < 0.01) with greater values in spring over autumn for morbidity rate (15.4 vs. 3.1% ± 6.29%) and days medically treated (0.20 vs. 0.03 d ± 0.086 d), respectively.
Carcass Characteristics
Just like steer BW at harvest, no pasture (P = 0.87) or season (P = 0.20) differences were observed for HCW (Table 6 ). This differs from the results of Lomas et al. (2011) who found that HCW was less for steers previously grazed on KY31 E+ vs. Jesup AR542 pastures. Dressing percentage was also similar among pastures (P = 0.54) and seasons (P = 0.81). Longissimus muscle area was similar among pastures (P = 0.13) and seasons (P = 0.36). At the conclusion of 84 and 112 d grazing periods, Duckett et al. (2001) found that steers and heifers, respectively, previously grazed on AR542-infected tall fescue had larger LM area than steers previously grazed on KY31 E+ tall fescue as measured via ultrasound. A pasture × season interaction was seen for backfat thickness (P < 0.01), with KY31 E+, Jesup AR542 E+, and AGRFA 140 having greater backfat thickness when steers were autumn grazed. This spring fi nding is similar to those of other researchers who observed no differences in backfat thickness or less backfat thickness in calves previously having grazing KY31 E+ pastures (Cole et al., 1987; Hancock et al., 1987; Lusby et al., 1990) . However, the autumn result for backfat thickness is in contrast to those fi ndings. Similarly, a pasture × season interaction was present for calculated yield grade (P = 0.03), with Jesup AR542 E+ and AGRFA 140 having greater calculated yield grade when steers were autumn grazed. Steer carcass KPH, marbling score, and USDA quality grade were all greater (P < 0.01) for autumn-grazed steers than for spring-grazed steers but were not different among pastures (P ≥ 0.39). The decreased morbidity rates for the autumn-grazed steers may have played a role in the seasonal marbling score and USDA quality grade differences, as other researchers have shown that increasing morbidity rate depresses marbling score and quality grade (Reinhardt et al., 2009 ). Duckett et al. (2001) observed no differences in fat thickness or intramuscular fat percentage in ultrasound measurements of steers and heifers previously grazed on AR542-infected vs. KY31 E+ tall fescue immediately after grazing and before feedlot entry. Variable fi ndings as to residual effects of fescue toxicosis on carcass traits after feedlot fi nishing have been reported. For steers previously exposed to KY31 E+ pastures, some trials found no differences in carcass characteristics (Cole et al., 1987; Lusby et al., 1990; Lomas et al., 2011) whereas others observed less backfat thickness, depressed marbling scores, and smaller LM areas (Hancock et al., 1987) . Further research comparing autumn and spring tall fescue stockering is needed to better elucidate these relationships.
Finishing Economics
A pasture × season interaction (P < 0.01) occurred for initial steer value at feedlot entry ( Table 7 ). The differences of least squares means for initial steer value between spring and autumn were -$10. 16, $93.11, $86.96, $86.80, and $107.72 for KY31 E+, Jesup AR 542 E+, AGRFA 140, AGRFA 144, and AGRFA 150, respectively. Only spring and autumn initial steer values for KY31 E+ were similar (P = 0.55). Steer initial BW and hair coat discount contributed to this effect. Final carcass value was similar (P = 0.59) among pastures and greater (P < 0.01) for autumn-grazed calves likely driven by HCW. Cost variables, including feed cost (P = 0.70), cost of gain (P = 0.61), feed cost of BW gain (P = 0.76), and medical treatment cost (P = 0.95), did not differ among pastures. Feed cost, cost of BW gain, and feed cost of BW gain were greater (P < 0.01) for the autumn-grazed steers than for the spring-grazed steers whereas medical treatment cost was less (P = 0.045) for the autumn-grazed steers than for the spring-grazed steers. Finishing net return was similar (P = 0.24) among pastures. However, a relatively large SEM was associated with fi nishing net return least squares means. Although there was no statistical difference in the net returns reported here, the numerical range was wide enough to be of economic importance. Finishing net return was nearly $100/steer greater (P < 0.01) for autumn-grazed cattle than for spring-grazed cattle. Both the lesser initial steer value and greater carcass values for autumn-grazed steers discussed previously contributed to this difference. These results refute the fi ndings of Duckett et al. (2001) , who showed greater carcass monetary values for calves previously grazed on AR542-infected tall fescue over KY31 E+ tall fescue due largely to greater HCW.
Concluding Remarks
Elite tall fescue cultivar and endophyte combinations (AGRFA 140, AGRFA 144, and AGRFA 150) offered distinct advantages in growth performance of grazing calves over KY31 E+ tall fescue during both spring and 2 Pasture: KY31 E+ = wild-type 'Kentucky-31' with 78.0% of plants infected with ergot alkaloid-producing endophyte Neotyphodium coenophialum; Jesup AR542 E+ = 'Jesup' contaminated with 30.3% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 140 = 'GA-186' AR584 endophyte-infected contaminated with 11.8% tall fescue containing ergot alkaloid producing-endophyte; AGRFA 144 = 'PDF' AR584 endophyte-infected contaminated with 5.5% tall fescue containing ergot alkaloid producing-endophyte; and AGRFA 150 = 'KYFA 9301' AR584 endophyte-infected contaminated with 10.0% tall fescue containing ergot alkaloid producing-endophyte.
autumn. In addition, dilution of KY31 E+ tall fescue with Jesup AR542 produced calf growth rate enhancement during an 84-d spring grazing period. However, no benefi t to steer ADG was seen during a 56-d autumn grazing period by diluting KY31 E+ with Jesup AR542 tall fescue at a 30:70 KY31 E+:Jesup AR542 ratio. These grazing results provide another validation of novel endophyte technology for alleviating tall fescue toxicosis in cattle. They also show that various tall fescue cultivars and endophytes can be used for this purpose. Continued research is needed in this area considering the many different production environments and management systems within the region of tall fescue adaptability. The current fi ndings validate those of other researchers (Lusby et al., 1990; Beconi et al., 1995) that negative carryover effects of fescue toxicosis during feedlot fi nishing are negligible if present at all and that there is even potential for compensation of lost growth performance from previous KY31 E+ tall fescue grazing. The rough hair coats and other observable signs associated with tall fescue toxicosis may cause cattle buyers to discount these cattle (Gunter and Beck, 2004) . Producers whose calves graze KY31 E+ tall fescue should consider retaining ownership of these cattle through feedlot fi nishing to avoid market discounts at the end of grazing and to capture value from compensatory BW gains during fi nishing.
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